Background: Atopic dermatitis (AD) has been associated with anxiety and depression, but the magnitude of the alleged association is unknown.
Patients with atopic dermatitis (AD) suffer from chronic or intermittent pruritus and often from interrupted sleep and stigmatization due to visible skin lesions. 1, 2 These issues may confer attention problems and poor school performance and negatively affect the professional function of affected individuals. 3 The increased risk of occupational hand eczema and disability may also affect quality of life. 4 AD may have a profoundly negative impact on the psychologic well-being of these patients. 5 Previous studies have shown an increased prevalence of depression and anxiety in both children and adults when compared with their healthy peers. [6] [7] [8] Some studies have suggested that patients with AD might have increased rates of suicidal ideation and, potentially, increased rates of completed suicide. 9, 10 The exact magnitude of the alleged association between AD and psychiatric disease is unknown. In this systematic review and meta-analysis, we examined the association between AD in children and adults and depression, anxiety, and suicidal ideation and suicide attempts, respectively.
MATERIALS AND METHODS

Literature search
Two of the authors (A.T.M.R. and A.H.) independently searched and extracted relevant literature from 3 medical databases, PubMed, Embase, and PsychINFO, by using the following search terms: (atopic dermatitis OR eczema) AND (depression OR suicide OR suicidal ideation OR antidepressant OR anxiety OR anxious OR panic attack OR worry OR anxiolytic). All studies in English that examined the relationship between patients with AD and either depression, anxiety, or suicidal ideation and/or attempt were reviewed according to title and abstract. Furthermore, studies were identified by screening reference lists of key articles and review articles. No limit was set regarding publication year, age of study participants, or study size. The latest search was done in July 2017, and the search process is outlined in the Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram (Supplemental Fig 1; available at http://www.jaad.org).
Data extraction
Studies were included in the systematic review if they investigated the association between AD and (1) depression, (2) anxiety, or (3) suicidal ideation and/or attempts, but only if a reference group without AD was included. All studies that included primary epidemiologic data on the relevant variables (ie, AD and the specific psychiatric diagnoses) were included in the meta-analysis. Because no studies contained only summary measures for binary data, no reconstruction of primary data was necessary. 11 When a study did not contain extractable information, the corrresponding author was contacted to obtain the relevant primary epidemiologic data. If 2 or more studies analyzed data from the same cohort, the study with the most comprehensive data was included. After inclusion of all relevant studies, 2 authors (A.T.M.R. and A.H.) independently performed data extraction.
The Newcastle-Ottawa scale (NOS) was used to assess the quality of included studies in the quantitative analysis. The existing NOS is applicable only for case-control and cohort studies. Therefore, an adapted version of NOS was used to assess the quality of cross-sectional studies. Studies with an NOS value of 6 or higher were considered to be of high quality according to the existing NOS, as was a score of 7 or higher according to the adapted NOS. 12 All studies were included irrespective of their NOS score.
Statistical analysis
StatsDirect software (version 3, StatsDirect Ltd, Cheshire, UK) was used to calculate odds ratios (ORs) with 95% confidence intervals (CIs) for the associations between AD and, respectively, depression, anxiety, and suicidal ideation. We examined the heterogeneity for each of the end point categories by means of Cochrane Q and I 2 statistics. For all studies, random effect models (DerSimonian-Laird) were used, and in each of the studied end points considerable evidence of between-study heterogeneity was found, with Cochrane Q statistic P values less than .05 and I 2 values greater than 75% for all analyses. Publication bias was evaluated with funnel plots, and all statistical tests were 2 sided. P values less than .05 were considered significant. Results of the metaanalysis were presented in forest plots of ORs.
1917 articles were excluded and the remaining 190 articles were obtained for full-text review. Of these articles, 130 were excluded for reasons listed in the Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram (Supplemental Fig 1) (ie, irrelevant exposure or outcome). A total of 60 articles were included in the qualitative analysis, 7, 9, 10, and 24 of these articles were also included in the quantitative analysis. 7, 9, 10, Two publications contained data from multiple cohorts (n = 4), 21, 25 resulting in a total of 26 cohorts included in the quantitative analysis. Detailed information from the included articles is provided online (Supplemental Tables I-VI; available at http:// www.jaad.org).
Studies were grouped into 3 categories according to the end points: (1) depression, (2) anxiety, and (3) suicidal ideation. In the first category, 42 studies were included 7, 9, 10, [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [34] [35] [36] [37] [38] [39] [40] [41] [42] [44] [45] [46] [47] [48] [49] [50] [51] [52] 54 ; in the second category, 44 studies were included 7, 10, [13] [14] [15] [16] [17] [18] [19] [23] [24] [25] [26] [32] [33] [34] [35] [36] [37] [38] [39] [40] [43] [44] [45] [46] [47] [48] [54] [55] [56] [57] [58] [59] [60] [61] [62] [63] [64] [65] [66] [67] [68] ; and in third category, 11 studies were included. 9, 10, 14, 24, 25, 31, 33, 50, 53, 69 Studies included in the quantitative analysis had an NOS score of 6 or higher, except for 3 studies with NOS scores of 5, 13 4, 31 and 1, 33 respectively. These 3 studies examined adults, and the study with a score of only 1 was a conference abstract with few details. 33 
AD and depression
A total of 23 studies on both adults and children that together included 138,181 patients with AD and 6,449,117 reference individuals were quantitatively analyzed. 7, 9, 10, [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] Of these studies, 15 were cross-sectional, 7, 9, 10, 16, 17, [19] [20] [21] [22] [23] [24] [25] 29, 30 4 were casecontrol, [13] [14] [15] 18 and 4 were prospective cohort studies. [25] [26] [27] [28] Studies originated from North America (n = 6), 7, 18, 21, 23, 29 Asia (n = 5), 9, 13, 19, 20, 26 and Europe (n = 12). 10, [14] [15] [16] [17] 22, 24, 25, 27, 28, 30 Analyses in adults and children were performed. Analysis of 18 studies 10, [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] that together included 91,324 adults with AD and 6,046,825 reference individuals showed a positive association between adult AD and depression (pooled OR, 2.19; 95% CI, 1.87-2.57) (Fig 1) . Analysis of 5 studies 7, 9, [28] [29] [30] that together included 46,857 children with AD and 402,292 reference individuals showed a positive association between childhood AD and depression (pooled OR, 1.27; 95% CI, 1.12-1.45) (Fig 1) . No subanalysis was performed on AD severity because only 2 studies had primary epidemiologic data on AD severity and depression. 23, 25 A total of 19 studies were included in the qualitative analysis. [34] [35] [36] [37] [38] [39] [40] [41] [42] [44] [45] [46] [47] [48] [49] [50] [51] [52] 54 Most either found an association between patients with AD and depression 34, [36] [37] [38] [39] [40] 44, [46] [47] [48] [49] [50] or reported a higher mean score 41, 51, 52, 54 according to the assessment tool used to diagnose depression. A Korean cross-sectional study found a positive association between childhood AD and depression (N = 3192 [P = .0003]).
50 A cross-sectional study from Japan found an association between active AD and depression when patients with active AD were compared with patients with AD in remission (P = .003) and individuals without AD (P = .020), respectively. Among 19 studies in the qualitative analysis that examined the association between AD and depression, 2 studies found no relationship 35,45 and 1 study found an inverse association.
42
AD and anxiety
A total of 13 studies on both adults and children that together included 48,626 patients with AD and 4,592,635 reference individuals were included in the quantitative analysis. 7, 10, 13, [16] [17] [18] [19] [23] [24] [25] [26] 32 Of these studies, 8 were cross-sectional, 7, 10, 16, 17, 19, [23] [24] [25] 3 were case-control, 13, 18, 32 and 2 were prospective cohort studies. 25, 26 These originated from North America (n = 3), 17, 18, 23 Europe (n = 7), 10, 16, 17, 24, 25, 32 and Asia (n = 3). 13, 19, 26 Analysis of 38,225 patients with adult AD and 4,523,540 reference individuals showed a positive association with anxiety (pooled OR, 2.19; 95% CI, (Fig 2) . No subanalysis was performed in children with AD because only 1 US cross-sectional study (N = 79,496) examined children. 7 This study found an association between childhood AD and, respectively, ever anxiety (OR, 1.81; 95% CI, 1.43-2.29) and current anxiety (OR, 2.02; 95% CI, 1.59-2.56).
A total of 31 studies were included in the qualitative analysis. 14, 15, [33] [34] [35] [36] [37] [38] [39] [40] [43] [44] [45] [46] [47] [48] [54] [55] [56] [57] [58] [59] [60] [61] [62] [63] [64] [65] [66] [67] [68] Most found a positive association between AD and anxiety [34] [35] [36] [37] 39, 40, [44] [45] [46] [47] [56] [57] [58] 61, 62, 67, 68 or reported a higher mean score according to the assessment tool used for diagnosing anxiety. 15, 33, 38, 54, 55, 59, 63, 65, 66 As examples, 2 Korean cross-sectional studies found an association between AD and an increased mean score of state and trait anxiety when compared with the scores of healthy individuals (P \.0001). 40, 47 Five studies reported no association between AD and anxiety. Odds ratio meta-analysis of the association between depression and atopic dermatitis in adults (A) and children (B).
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AD and suicidal ideation
A total of 6 studies that included a total of 13,011 patients with AD and 81,434 reference individuals were analyzed 9, 10, 14, 25, 31, 33 : 3 were case-control 14, 31 ,33 and 3 were cross-sectional studies. 9, 10, 25 They originated from Europe (n = 4) 10, 14, 25, 33 and Asia (n = 2). 9, 31 There was a positive association between AD and suicidal ideation (pooled OR, 4.32; 95% CI, (Fig 2) . All the studies investigated adults, except for 1 Korean crosssectional study that investigated 72,435 adolescents and Odds ratio meta-analysis of the association between anxiety and atopic dermatitis in adults (A) and between suicidal ideation and atopic dermatitis in adults and adolescents (B).
found an association with suicide attempt (adjusted OR, 1.31; 95% CI, 1.12-1.52). 9 In the qualitative analysis, a total of 5 studies were included 24, 25, 50, 53, 69 and 3 of these were Korean. 50, 53, 69 The first found an association with suicidal ideation (N = 75,091 [OR, 1.07; 95% CI, 1.01-1.14]). 70 The second found no association with suicidal ideation (N = 3192 [P = 0.17]) but did find an association with suicide attempts (P = .03). 51 The third study showed an association only between girls with AD and, respectively, suicidal ideation, suicidal planning, and suicidal attempts (N = 74, 186 [eg, suicide attempts: adjusted OR, 1.19; 95% CI, ). 54 The 2 remaining studies 24, 25 were a German cross-sectional study (N = 245) 24 and a Danish prospective cohort study (N = 4,269,495) . 25 The first found an association between AD severity and an increased score on the P€ oldinger suicidality scale (P \.0001), as well as an association between AD and suicidal attempts (P = .035). 24 The second found no association between mild AD and suicide or between moderate-to-severe AD and suicide (eg, moderate-to-severe AD: adjusted hazard ratio, 0.73; 95% CI, 0.27-1.97). 25 
DISCUSSION
Main findings
In this systematic review and meta-analysis, a positive and significant association was found between AD in adulthood and, respectively, depression, anxiety, and suicidal ideation. For anxiety and depression, clinically meaningful increased risks were observed. Only a few studies examined the risk of completed suicide, but the majority showed a positive association. In children, a positive association was found between AD and depression, although the estimate was weaker than that for adults.
Interpretation
The exact cause of the increased association with depression and anxiety in patients with AD remains speculative. Although one cannot rule out that psychiatric disease is associated with itch sensation, skin barrier damage, and ultimately AD, a more plausible explanation is that the burden from chronic and intermittent disease, itch, disrupted sleep, and social isolation negatively affects mental health. 70, 71 For example, pruritus in AD can impair quality of sleep in both children and adults, with trouble falling asleep and frequent awakenings during the night contributing to the development of depression and anxiety. 2, 5, 6 Social stigmatization due to visible skin lesions may also potentially contribute to psychiatric disease burden. 70, 72, 73 It is unclear whether a severity-dependent association exists between AD and depression or anxiety. A German cross-sectional study found that severe AD was associated with more severe depression (P \ .0001). 24 A nationwide Danish cohort study found no association between mild AD and use of antidepressants, but it did find a positive association between moderate-to-severe AD and use of antidepressants. 25 In contrast, a US cross-sectional study found no association between moderate-to-severe AD and, respectively, depression and anxiety when patients with moderate-to-severe AD were compared with patients with mild AD. 23 Trial results from the pivotal phase 3 of dupilumab, a monoclonal antibody against interleukin 4, showed that the proportion of patients with moderate-to-severe AD who reported depression and anxiety became significantly reduced in the active arm compared with in the placebo arm. 74 On the basis of these observations, it is likely that a severity-dependent relationship exists between AD and depression or anxiety, as similarly described for quality of life.
75
Most likely, the combination of pruritus, psychologic stress, social isolation, depression, and anxiety results in a vicious cycle in patients with AD. 45 In severe disease this may result in suicidal ideation, suicide attempts, and even completed suicide. One study found an association between AD and suicidal behavior (OR, 2.03; 95% CI, 1.20-3.45 ), but after adjustment for depression, among other things, the association became nonsignificant (adjusted OR, 1.32; 95% CI, . 10 This finding supports the idea that suicidal ideation occurs as a consequence of depression and anxiety and not AD itself.
76
The studies originated from many different countries in Europe, Asia, and North America. The relationship between AD and depression, anxiety, and suicidal ideation seems to be independent of nationality, although studies from Africa and South America are needed. Only studies from Asia and Europe investigated the association between AD and suicidal behaviors and, although all the included Korean studies found a positive association, 9, 50, 53, 69 the results from Europe were conflicting. 10, 14, 24, 25, 33 This could partly be explained by differences in cultural behavior or AD study definitions. Because studies from Korea examined only adolescents and European studies examined only adults, it is possible that adolescents with AD are more vulnerable than adults with AD.
Limitations
The definitions of depression and anxiety varied across the included studies, and most were based on J AM ACAD DERMATOL VOLUME 79, NUMBER 3 self-reported psychiatric symptoms or a score that had been assessed according to different depression and/or anxiety scales. Only 4 studies defined depression and/or anxiety according to a clinical diagnosis. 22, 25, 26, 30 As a result, this meta-analysis compared studies with very different definitions of depression and anxiety. Moreover, study populations and hence the severity of AD varied. Another limitation was that few studies examined the severity of, respectively, AD, depression, or anxiety. Only studies written in English were included. A causal link cannot be determined on the basis of observational data. AD has been associated with other comorbidities, including asthma, allergic rhinitis, and rheumatoid arthritis, 77 all of which are conditions that have been associated with anxiety and depression. 78, 79 It is therefore possible that these comorbidities could contribute to the positive relationship between AD and psychiatric symptoms.
Conclusion
Clinicians should be vigilant for psychiatric symptoms in patients with AD. The results from recent clinical trials suggest that the burden of psychiatric comorbidity may be reduced as AD improves. The mean depression score (SD) of patients with SD was 7.6 (5.8) and the reference individuals' mean depression score (SD) was 5.8 (5.1) AD, Atopic dermatitis; aHR, adjusted hazard ratio; aOR, adjusted odds ratio; BDI, Beck Depression Inventory; BDI-II, Beck Depression Inventory-Second Edition; BDI-13, Beck Depression Inventory, 13 items; CES-D, the Center for Epidemiological Studies Depression Scale; CI, confidence interval; DLQI, Dermatology Life Quality Index; EST-Q, Emotional State Questionnaire; HADS, Hospital Anxiety and Depression Scale; HADS-D, Hospital Anxiety and Depression Scale (Depression); ICD-10, International Classification of Diseases; MMPI, Minnesota Multiphasic Personality Inventory; OR, odds ratio; PHQ, the Patient Health Questionnaire; PUVA, psoralen plus ultraviolet A; SCORAD, SCORing Atopic Dermatitis; SCL-90R, Symptom Checklist-90-Revised; SD, standard deviation; SDS, Self-Rating Depression Scale; YGPI, Yatabe-Guilford Personality Inventory (modified for the Japanese); YSQ-S, Young Schema Questionnaire-Short Form.
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